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(57) ABSTRACT 

A monolithic ink-jet printhead includes a substrate having a 
loWer ink chamber formed on an upper surface thereof, a 
manifold for supplying ink to the loWer ink chamber formed 
on a bottom surface thereof, and an ink channel providing 
communication therebetWeen; a noZZle plate having a plu 
rality of passivation layers and a metal layer sequentially 
stacked on the substrate, the noZZle plate having an upper 
ink chamber formed therein on a bottom surface of the metal 
layer, a noZZle in communication With the upper ink cham 
ber formed on an upper surface of the metal layer, and a 
connection hole providing communication betWeen the 
upper ink chamber and the loWer ink chamber; a heater 
located betWeen the upper ink chamber and the loWer ink 
chamber for heating ink contained in the loWer and upper ink 
chambers; and a conductor electrically connected to the 
heater to apply a current to the heater. 
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FIG. 1A (PRIOR ART) 
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FIG. 1B (PRIOR ART) 
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MONOLITHIC INK-J ET PRINTHEAD HAVING A 
HEATER DISPOSED BETWEEN DUAL INK 

CHAMBERS AND METHOD FOR 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an ink-j et printhead 
and a method for manufacturing the same. More particularly, 
the present invention relates to a thermally driven, mono 
lithic, ink-jet printhead having a heater that is disposed 
betWeen dual ink chambers, and a method for manufacturing 
the same. 

[0003] 2. Description of the Related Art 

[0004] In general, an ink-jet printhead prints a predeter 
mined image, color or black, by ejecting a small volume ink 
droplet of a printing ink at a desired position on a recording 
sheet. Ink-jet printheads are largely classi?ed into tWo types 
depending on the ink droplet ejection mechanisms: a ther 
mally driven ink-jet printhead, in Which a heat source is 
employed to form and expand a bubble in ink thereby 
causing an ink droplet to be ejected, and a pieZoelectrically 
driven ink-jet printhead, in Which a pieZoelectric crystal 
bends to exert pressure on ink, thereby causing an ink 
droplet to be expelled. 

[0005] An ink droplet ejection mechanism of the thermally 
driven ink-jet printhead Will noW be described in detail. 
When a pulse current ?oWs through a heater formed of a 
resistive heating material, heat is generated by the heater to 
rapidly heat ink near the heater to approximately 300° C. 
Accordingly, the ink boils and bubbles are formed in the ink. 
The formed bubbles expand and exert pressure on the ink 
contained Within an ink chamber. This causes a droplet of 
ink to be ejected through a noZZle from the ink chamber. 

[0006] The thermally driven ink-jet printhead may be 
further subdivided into top-shooting, side-shooting, and 
back-shooting types depending on the direction of ink 
droplet ejection and the direction in Which a bubble expands. 
The top-shooting type refers to a mechanism in Which an ink 
droplet is ejected in a direction that is the same as a direction 
in Which a bubble expands. The back-shooting type is a 
mechanism in Which an ink droplet is ejected in a direction 
opposite to the direction in Which the bubble expands. In the 
side-shooting type, the direction of ink droplet ejection is 
perpendicular to the direction in Which the bubble expands. 

[0007] Thermally driven ink-jet printheads need to meet 
the folloWing conditions. First, a simple manufacturing 
process, loW manufacturing cost, and mass production must 
be provided. Second, to produce high quality color images, 
a distance betWeen adjacent noZZles must be as small as 
possible While still preventing cross-talk betWeen the adja 
cent noZZles. More speci?cally, to increase the number of 
dots per inch (DPI), many noZZles must be arranged Within 
a small area. Third, for high-speed printing, a cycle begin 
ning With ink ejection and ending With ink re?ll must be as 
short as possible. That is, the heated ink and heater should 
cool doWn quickly to increase an operating frequency. 
Fourth, heat load exerted on the printhead due to heat 
generated by the heater must be small, and the printhead 
must operate stably under a high operating frequency. 
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[0008] FIG. 1A illustrates a partial cross-sectional per 
spective vieW of a structure of a conventional thermally 
driven printhead. FIG. 1B illustrates a cross-sectional vieW 
of the printhead of FIG. 1A for explaining a conventional 
process of ejecting an ink droplet. 

[0009] Referring to FIGS. 1A and 1B, a conventional 
thermally driven ink-jet printhead includes a substrate 10, a 
barrier Wall 14 disposed on the substrate 10 for de?ning an 
ink chamber 26 ?lled With ink 29, a heater 12 disposed in the 
ink chamber 26, and a noZZle plate 18 having a noZZle 16 for 
ejecting an ink droplet 29‘. If a pulse current is supplied to 
the heater 12, the heater 12 generates heat to form a bubble 
28 in the ink 29 Within the ink chamber 26. The formed 
bubble 28 expands to exert pressure on the ink 29 contained 
Within the ink chamber 26, Which causes an ink droplet 29‘ 
to be ejected through the noZZle 16. Then, the ink 29 ?oWs 
from a manifold 22 through an ink channel 24 to re?ll the ink 
chamber 26. 

[0010] The process of manufacturing a conventional top 
shooting type ink-j et printhead con?gured as above involves 
separately manufacturing the noZZle plate 18 equipped With 
the noZZle 16 and the substrate 10 having the ink chamber 
26 and the ink channel 24 formed thereon and bonding them 
together. The manufacturing process is complicated and 
misalignment may occur during the bonding of the noZZle 
plate 18 and the substrate 10. Furthermore, since the ink 
chamber 26, the ink channel 24, and the manifold 22 are 
arranged on the same plane, there is a restriction on increas 
ing the number of noZZles 16 per unit area, i.e., the density 
of noZZles 16. This restriction makes it dif?cult to implement 
a high printing speed, high-resolution ink-jet printhead. 

[0011] In particular, in the ink-jet printhead having the 
above-described structure, since the heater 12 contacts an 
upper surface of the substrate 10, approximately 50% of heat 
energy generated from the heater 12 is conducted into and 
absorbed by the substrate 10. Although the heat energy 
generated from the heater 12 is intended for use in boiling 
the ink 19 to generate the bubble 28, a signi?cant portion of 
the heat energy is absorbed into the substrate 10 and only a 
small portion of the heat energy is actually used in forming 
the bubble 28. More speci?cally, the heat energy supplied 
for the purpose of generating the bubble 28 is consumed, 
loWering energy ef?ciency. In addition, the heat energy 
conducted to other parts of the printhead considerably 
increases the temperature of the printhead as the print cycles 
are repeated. Accordingly, since a boiling time and a cooling 
time of the ink 29 are increased, it is dif?cult to implement 
a high operating frequency. Further, several thermal prob 
lems may occur in the printhead, making the printhead 
dif?cult operate in a stable manner for an extended period of 
time. 

[0012] Recently, in an effort to overcome the above prob 
lems of the conventional ink-jet printheads, ink-jet print 
heads having a variety of structures have been proposed. 
FIG. 2 illustrates an example of a conventional monolithic 
ink-jet printhead. 

[0013] Referring to FIG. 2, a hemispherical ink chamber 
32 and a manifold 36 are formed on a front surface and a rear 

surface of a silicon substrate 30, respectively. An ink channel 
34 is formed at a bottom of the ink chamber 32 and provides 
communication betWeen the ink chamber 32 and the mani 
fold 36. A noZZle plate 40, including a plurality of passiva 
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tion layers 41, 42, and 43 stacked on the substrate 30, is 
formed integrally With the substrate 30. 

[0014] The nozzle plate 40 has a noZZle 47 formed at a 
location corresponding to a central portion of the ink cham 
ber 32. A heater 45 connected to a conductor 46 is disposed 
around the noZZle 47. A noZZle guide 44 eXtends along an 
edge of the noZZle 47 toWard a depth direction of the ink 
chamber 32. Heat generated by the heater 45 is transferred 
through an insulating layer 41 to ink 48 Within the ink 
chamber 32. The ink 48 then boils to form bubbles 49. The 
formed bubbles 49 expand to eXert pressure on the ink 48 
contained Within the ink chamber 32, thereby causing an ink 
droplet 48‘ to be ejected through the noZZle 47. Then, the ink 
48 ?oWs through the ink channel 34 from the manifold 36 
due to surface tension of the ink 48 contacting the air to re?ll 
the ink chamber 32. 

[0015] A conventional monolithic ink-jet printhead con 
?gured as above has an advantage in that the silicon sub 
strate 30 is formed integrally With the noZZle plate 40 
thereby simplifying the manufacturing process and elimi 
nating the chance of misalignment. Another advantage is 
that the noZZle 46, the ink chamber 32, the ink channel 34, 
and the manifold 36 are arranged vertically to increase the 
density of noZZles 46, as compared With the conventional 
ink-jet printhead shoWn in FIG. 1A. 

[0016] In the conventional monolithic ink-jet printhead 
shoWn in FIG. 2, hoWever, since the heater is provided over 
the ink chamber 32, heat dissipating from the heater 45 
upWard is initially absorbed in the passivation layers 42 and 
43 surrounding the heater 45 While heat dissipating from the 
heater 45 doWnWard is secondarily conducted into the 
substrate 30 through the passivation layer 41 and used to 
generate the bubble 49 by boiling the ink 48 contained in the 
ink chamber 32. 

[0017] As described above, there still eXist problems of 
reduced energy ef?ciency and elevated temperature of the 
printhead according to repeated printing cycles, complicat 
ing implementation of a suf?ciently high operating fre 
quency and making it dif?cult for the printhead to operate in 
a stable manner for an eXtended period of time. 

SUMMARY OF THE INVENTION 

[0018] It is a feature of an embodiment of the present 
invention to provide a monolithic ink-jet printhead in Which 
a heater is disposed betWeen dual ink chambers so that a 
majority of heat energy generated from the heater can be 
transferred to ink, thereby increasing energy ef?ciency and 
operating frequency, and alloWing the printhead to operate in 
a stable manner for an eXtended period of time. 

[0019] It is another feature of an embodiment of the 
present invention to provide a method for manufacturing the 
monolithic ink-jet printhead. 

[0020] According to a feature of the present invention, 
there is provided a monolithic ink-jet printhead including a 
substrate having a loWer ink chamber to be supplied With ink 
formed on an upper surface thereof, a manifold for supply 
ing ink to the loWer ink chamber formed on a bottom surface 
thereof, and an ink channel, Which perpendicularly pen 
etrates the substrate for providing communication betWeen 
the loWer ink chamber and the manifold; a noZZle plate 
having a plurality of passivation layers stacked on the 
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substrate and a metal layer stacked on the passivation layers, 
the noZZle plate having an upper ink chamber formed therein 
on a bottom surface of the metal layer, a noZZle in commu 
nication With the upper ink chamber formed on an upper 
surface of the metal layer, and a connection hole providing 
communication betWeen the upper ink chamber and the 
loWer ink chamber formed in and through the passivation 
layers; a heater provided betWeen adjacent passivation lay 
ers of the plurality of passivation layers, the heater being 
located betWeen the upper ink chamber and the loWer ink 
chamber for heating ink contained in the loWer and upper ink 
chambers; and a conductor provided betWeen adjacent pas 
sivation layers of the plurality of passivation layers, the 
conductor being electrically connected to the heater to apply 
a current to the heater. 

[0021] Preferably, the upper ink chamber has a diameter 
the same as or smaller than a diameter of the loWer ink 
chamber. Preferably, the connection hole is formed at a 
location corresponding to a center of the upper ink chamber 
and has a circular, oval or polygonal shape. Also preferably, 
the heater surrounds the connection hole. 

[0022] The connection hole may include a plurality of 
connection holes formed adjacent an edge of the upper ink 
chamber. In that case, the heater has a rectangular shape. The 
plurality of connection holes may be formed around the 
heater and spaced apart a predetermined distance from the 
heater. 

[0023] At least a portion of each of the plurality of 
connection holes may be disposed Within the boundary of 
the heater, and the heater may de?ne a plurality of apertures, 
each of the plurality of apertures eXposing one of the 
plurality of connection holes. Each of the plurality of 
apertures may either be a hole surrounding an entire one of 
the plurality of connection holes or a groove surrounding a 
portion of one of the plurality of connection holes. 

[0024] The loWer ink chamber may include a plurality of 
hemispherical cavities in communication in a circumferen 
tial direction beloW a respective one of the plurality of 
connection holes. The ink channel may be formed at a 
central portion of a bottom of each of the plurality of 
hemispherical cavities. 

[0025] The ink channel may include a single ink channel 
formed at a location corresponding to a center of the loWer 
ink chamber. Alternately, the ink channel comprises a plu 
rality of ink channels formed on a bottom surface of the 
loWer ink chamber. 

[0026] The noZZle may have a tapered shape in Which a 
cross-sectional area decreases gradually toWard an eXit. 

[0027] The metal layer is made of one selected from the 
group consisting of nickel, copper and gold and be formed 
by electroplating to a thickness of about 30-100 pm. 

[0028] According to another feature of the present inven 
tion, there is provided a method for manufacturing a mono 
lithic ink-jet printhead including (a) preparing a substrate; 
(b) stacking a plurality of passivation layers on the substrate 
and forming a heater and a conductor connected to the heater 
betWeen adjacent passivation layers of the plurality of 
passiviation layers; (c) forming a connection hole by etching 
to penetrate the plurality of passivation layers; (d) forming 
a metal layer on the plurality of passivation layers and 
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forming an upper ink chamber in communication With the 
connection hole on a bottom surface of the metal layer so as 
to be disposed above the heater, and forming a noZZle on an 
upper surface of the metal layer in communication With the 
upper ink chamber; (e) forming a loWer ink chamber in 
communication With the connection hole so as to be dis 
posed under the heater by etching an upper surface of the 
substrate through the connection hole; forming a mani 
fold for supplying ink by etching a bottom surface of the 
substrate; and (g) forming an ink channel by etching the 
substrate betWeen the manifold and the loWer ink chamber 
to penetrate the substrate. 

[0029] The substrate is preferably made of a silicon Wafer. 

[0030] Forming the heater and the conductor connected to 
the heater While sequentially stacking the plurality of pas 
sivation layers on the substrate may include forming a ?rst 
passivation layer on an upper surface of the substrate; 
forming the heater by depositing a resistive heating material 
on an entire surface of the ?rst passivation layer and 
patterning the same; forming a second passivation layer on 
the ?rst passivation layer and the heater; forming a contact 
hole exposing a portion of the heater by partially etching the 
second passivation layer; forming the conductor connected 
to the heater through the contact hole by depositing a metal 
having electrical conductivity on the second passivation 
layer and patterning the same; and forming a third passiva 
tion layer on the second passivation layer and the conductor. 

[0031] The connection hole may be formed by anisotro 
pically dry-etching the plurality of passivation layers using 
reactive ion etching. 

[0032] Forming the metal layer on the plurality of passi 
vation layers and forming the upper ink chamber in com 
munication With the connection hole on the bottom surface 
of the metal layer so as to be disposed above the heater, and 
forming the noZZle on the upper surface of the metal layer 
in communication With the upper ink chamber may include 
forming a seed layer for electroplating on the passivation 
layers; forming a sacri?cial layer for forming the upper ink 
chamber and the noZZle on the seed layer; forming the metal 
layer on the seed layer by electroplating; and forming the 
upper ink chamber and the noZZle by removing the sacri? 
cial layer and the seed layer formed under the sacri?cial 
layer. 
[0033] The seed layer may be formed by depositing at 
least one of copper, chromium, titanium, gold and nickel on 
the passivation layers. 
[0034] Forming the sacri?cial layer may include coating 
photoresist on the seed layer to a predetermined thickness; 
forming the sacri?cial layer shaped of the noZZle by initially 
patterning an upper portion of the photoresist; and forming 
the sacri?cial layer shaped of the upper ink chamber under 
the noZZle-shaped sacri?cial layer by subsequently pattern 
ing a loWer portion of the photoresist. The initial patterning 
may be performed on the noZZle-shaped sacri?cial layer by 
a proximity exposure process for exposing the photoresist 
PR using a photomask Which is separated from an upper 
surface of the photoresist by a predetermined distance, in a 
tapered shape in Which a cross-sectional area of the sacri 
?cial layer increases gradually doWnWard. An inclination of 
the noZZle-shaped sacri?cial layer may be adjusted by 
varying a distance betWeen the photomask and the photo 
resist and by varying an exposure energy. 
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[0035] The metal layer is made of a material selected from 
the group consisting of nickel, copper and gold. 

[0036] The method may further include planariZing an 
upper surface of the metal layer by chemical mechanical 
polishing, after forming the metal layer. 

[0037] Forming the loWer ink chamber may include iso 
tropically dry-etching the substrate exposed through the 
connection hole. Forming the ink channel may include 
anisotropically dry-etching the substrate from a bottom 
surface of the substrate having the manifold. Forming the 
ink channel may include anisotropically dry-etching an 
upper surface of the substrate on a bottom of the loWer ink 
chamber through the connection hole. 

[0038] The connection hole may include a single connec 
tion hole formed at a location corresponding to a center of 
the upper ink chamber, Wherein the heater surrounds the 
connection hole. 

[0039] The connection hole may include a plurality of 
connection holes formed adjacent an edge of the ink cham 
ber, Wherein the heater has a rectangular shape. The plurality 
of connection holes may be formed around the heater and 
spaced apart a predetermined distance from the heater. 

[0040] The heater may be patterned to de?ne a plurality of 
apertures, each of the plurality of apertures exposes one of 
the plurality of connection holes formed Within or across the 
boundary of the heater. Each of the plurality of apertures 
may either be a hole surrounding an entire one of the 
plurality of connection holes or a groove surrounding a 
portion of one of the plurality of connection holes. 

[0041] Forming the loWer ink chamber may include pro 
viding communication betWeen a plurality of hemispherical 
cavities in a circumferential direction beloW the plurality of 
connection holes. The ink channel may include a single ink 
channel formed at a central portion of the ink chamber and 
the plurality of hemispherical cavities are in communication 
in a radial direction due to the ink channel. The ink channel 
is formed at a central portion of a bottom of each of the 
plurality of hemispherical cavities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] The above and other features and advantages of the 
present invention Will become more apparent to those of 
ordinary skill in the art by describing in detail preferred 
embodiments thereof With reference to the attached draW 
ings in Which: 

[0043] FIGS. 1A and 1B illustrate a partial cross-sec 
tional perspective vieW of a conventional thermally driven 
ink-jet printhead and a cross-sectional vieW for explaining a 
conventional process of ejecting an ink droplet, respectively; 

[0044] FIG. 2 illustrates a vertical cross-sectional vieW of 
an example of a conventional monolithic ink-jet printhead; 

[0045] FIG. 3A illustrates a planar structure of a mono 
lithic ink-jet printhead according to a preferred embodiment 
of the present invention, and FIG. 3B illustrates a vertical 
cross-sectional vieW of the ink-jet printhead of the present 
invention taken along line A-A‘ of FIG. 3A; 

[0046] FIG. 4A illustrates a planar structure of a mono 
lithic ink-jet printhead according to a second embodiment of 
the present invention, and FIG. 4B illustrates a vertical 


















